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ABSTRACT 

Nonlinear  optical  organic  liquids  based  on  2-methyl-4-nitroaniline  (MNA)-type 
molecules  in  solution  arc  potentially  pia  hr-.ii  ;•■.  e  order  materials,  featuring  a  large 
and  fast  Intensity  dependent  index  of  ndm  i  1  ,n-.i.  low  optical  loss,  insusceptibility  to 
laser  damago  and  a  It  only  adjustable  k-Ii.i.  u.e  ■■■■  the  i, liter  property  maker,  them 
compatible  with  glass  substrate  devices  and  pn-urv.  my."  r.l  triplication  tor  demonstration 
devices.  Concepts  and  preliminary  daia  are  presented  tor  a  high  speed  all  optical  switch 
based  on  glass  waveguides  suspended  m  a  nonlinear  liquid  cladding  of  index  matched 
organic  solutions. 


1.  Introduction. 

All-optical  waveguide  devices  based  on  ultrafast  third  order  nonlinear  optical 
properties  are  desired  for  a  variety  of  functions  including  fiber  optic  switching,  digital 
logic,  optical  limiting  and  optical  computing  systems.  Materials  potentially  useful  In 
these  application  mus!  possess  (a)  high  third  order  nonlinearity,  (b)  ultrafast  response 
time  and  (c)  excellent  addilional  requisite  physical  properties.  These  properties  include 
superior  transparency,  freedom  from  scattering  centers,  uniformity,  optically  flat 
surfaces,  chemical  and  environmental  stability  and  processibilily.  Currenlly  a  number  of 
Inorganic  optical  materials  satisfy  these  criteria,  but  no  single  material  has  emerged  that 
may  be  termed  as  an  optical  “silicon."  Further  enhancement  of  nonlinear  properlies  is 
Still  desirable  for  belter  performance  and  in  addition,  increased  flexibility  in  tailoring 
the  requisite  physical  properties  is  crucial.  Organic  materials  are  often  cited  as  having 
the  best  long  range  promise  for  such  devices  (i).  which  may  exceed  efficiency  of 
Inorganic  materials  in  many  aspects,  such  as  taster  response  time  with  a  low  dielectric 
constant  and  higher  third  order  nonlinearity  >n  the  materials'  transparent  rogimc(2  3) 

In  addition,  great  flexibility  in  molecular  design  arid  modification,  for  the  enhancement  of 
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properties  is  easily  afforded.  In  spite  of  intensive  research  using  organic  materials, 
relatively  (ew  working  devices  have  been  demonstrated  to  date  duo  to  a  variety  of 
problems  in  selecting,  processing  arid  l.ilirii'.iling  mi  n  materials  into  appropriato  device 
configurations. 

Among  organic  nonlinear  optical  (NLO)  solids  available  today,  conjugated 
macromolecular  systems  such  as  the  polyriracetyiene(PDA)  family  and  guest-host  systems 
(in  which  an  NLO  material,  e.g.  MNA,  is  composited  with  a  highly  transparent  and 
chemically  and  dimensionally  stable  polymer,  e  g  poiymcihylmethacrylale)  seem  to  be 
good  candidates  for  the  application.  However,  when  these  materials  are  in  a  solid  torm,  it 
is  not  easy  to  fabricate  them  into  desirable  configurations  and  at  the  same  time  match  the 
refractive  indices  with  associated  optical  elements  as  may  be  dictated  in  a  device 
configuration. 

We  discuss  concepts  for  a  class  of  switching  devices  intended  to  be  easy  to  fabricate 
and  test,  based  on  combining  nonlinear  organic  solutions  with  glass  fiber  waveguides. 

In  constructing  practical  nonlinear  waveguide  devices  lor  the  application  discussed  above, 
many  characteristics  other  than  large,  high  speed  n2  effects  become  important.  In 
particular,  low  loss  (the  sum  of  absorption  and  scaltering)  is  significant.  The  effective 
nonlinear  response  for  many  device  configurations  is  not  the  intensity  induced  index 
modulation  n2'l  but  the  figure  of  merit,  ngT/oX,  where  I  is  the  intensity  of  the  incident 
beam,  a  Is  the  loss  per  cm  and  X  is  the  wavelength  o!  the  incident  beam. 

A  more  mundane  and  often  overlooked  facior  is  that  for  maximum  flexibility  in 
device  design  it  is  desirable  that  a  third-order  material  should  have  a  linear  refractive 
Index  compatible  with  the  other  materials  typically  used  in  fiber  optics  and  waveguide 
structures.  For  example,  some  high  performance  organic  films  or  crystals  have  indices 
In  the  1.6-1. 9  range,  making  it  difficult  to  integrate  them  with  glass  structures  of  index 
-  1.45.  In  addition,  laser  damage  threshold  of  the  nonlinear  material  under  consideration 
must  be  high  enough  to  withstand  the  fields  required  to  generate  significant  nonlinear 
effects.  Finally,  the  usefulness  of  a  material  is  severely  limited  unless  a  fabrication 
technology  exists  to  produce  high  precision,  low  toss  waveguide  forms.  Organic  materials 
exist  which  satisfy  each  of  these  requirements,  but  no  one  material  so  far  satisfies  them 
all  at  once.  In  an  attempt  to  develop  approaches  to  maximize  utilization  of  organic  NLO 
materials  and  minimize  processing  and  fabrication  complexities,  we  employed  NLO 
materials  in  solution  form. 

Solution  form  of  NLO  materials  provides  at  least  two  advantages  for  research  and 
feasibility  demonstrations.  First,  adjusting  the  linear  refractive  index  to  match  a  given 
fiber  cladding  will  be  significantly  easier  than  in  the  solid  slate.  Second,  the 
transparency  problem  will  be  drastically  reduced  since  the  scattering  and  inhomogeneity 
prevailing  in  most  solid  films  will  be  avoided.  As  a  tradeoff  for  these  advantages, 
solutions  raise  problems  such  as  concentration  limits  and  temperature  dependence  of  the 
refractive  index.  Therefore,  several  solvents  must  bo  evaluated  to  identify  the  range  of 
refractive  index  available,  and  temperature  must  bo  controlled  as  accurately  as  possible 
lo  minimize  the  temperature  dependent  changes  ol  retractive  index. 


With  these  (actors  in  mind,  ii  is  instinctive  to  note  that  Fribcrg  et.  at.  (4)  were 
able  to  demonstrate  all-optical  switching  m  n  simple  dual  core  oplical  fiber,  operating  as 
a  Jonson  coupler  (3).  In  then  e.uly  i • , j •  t ■■  1 1 n i .  the  nonlinear"  material  was  ordinary 
silica,  whose  n2  is  only  1/10.000  that  of  a  prototypical  high  performance  polymer  such 
as  PDA,  In  the  material's  transparent  irijime  in)  Uectuisc  ol  the  extremely  high 
transparency  of  silica,  however,  combined  wiih  hie  existing  technology  to  term  long  low 
loss  fibers,  this  small  nonlinearity  was  available  over  a  long  optical  path  length  (many 
ems)  In  a  "pipelined"  switching  configuration  capable  of  nubpicosccond  speeds.  Switching 
power  threshold  was  on  the  order  o(  t  kW.  Using  the  organic  NLO  solutions  ot  the  present 
research,  larger  n2  ellecls  may  yield  switching  times  an  order  of  magnitude  faster  with 
oplical  switching  power  on  the  order  ol  lOOrnW. 


2.  Dual-Waveguide  Switching  Device  Using  Liquid  Cladding, 

In  view  of  the  difficulty  ot  labiic.iiiiw  high  precision  nonlinear  thin  film 
waveguides.  II  Is  clearly  a  practical  advantage  lo  work  with  devices  based  on  glass  fibers 
as  an  existing  high  quality  waveguidmg  structure,  provided  more  strongly  nonlinear 
materials  can  also  be  introduced.  Clark,  Andonovic  and  Culshaw  (7)  modeled  dual 
waveguide  devices  in  which  the  nonlinear  material  m  a  dual-core  optical  switch  was 
located  contiguous  with  the  cladding,  as  shown  schematically  in  Figuro  1 .  A  directional 
coupler  Is  first  fabricated  which,  under  Imv  power  conditions,  transfers  100%  ol  the 
optical  power  from  fiber  1  to  liber  2.  Under  the  control  ol  a  separate  optical  pump  beam, 
or  else  a  Simple  Increaso  in  power  of  the  signal  itself,  the  nonlinear  core  or  cladding  Index 
n  -  n0+n2'l  (whero  n0  is  the  linear  retractive  index)  is  modulated  sufficiently  to  alter 
the  coupling  ratio  between  the  two  libers.  II  (fie  coupler  length  and  power  threshold  are 
sat  correctly,  this  can  cause  the  signal  to  em  100%  tr om  liber  1  instead  ot  transferring 
to  fiber  2.  ettecting  an  optically  controlled  switch  Tins  class  ot  devices  is  denoted 
nonlinear  coherent  couplers  (NLCC)  r igim:  2  suggests  that  a  simple  NICC  can  in 
principle  bo  made  by  immersing  a  inthr-r  i>u'..n,iiy  tmiuectional  coupler  with  etched 
cladding  In  an  Index  controlled  bath  ol  a  nonlinear  liquid.  Allhough  il  is  inherently  less 
efficient  to  locate  the  active  nonlinear  material  m  the  cladding  than  the  core,  this  can  bo 
compensated  by  largo  n2  values,  long  pain  lengths,  and  very  accurate  index  control  of  the 
nonlinear  cladding  element.  The  goal,  m  developing  such  a  switch,  is  subpicosecond  speed 


Figure  1.  The  Nonlinear  Coherent  Coupler.  r.'LCC 


combined  with  a  power  threr.hrVd  i<  r  inn,;  on  the  order  available  from  diode  lasers, 
10-IOOmW. 

Highly  transparent  third-order  mail  •rial::  whose  linear  index  can  bo  precisely 
adjusted  to  match  glass  cladding  values  are  e'.r.erisi.iliy  limited  to  glasses,  doped  glasses  or 
liquids.  Tho  latler  have  the  advantage  ot  p'.iinnimity  much  larger  nonrosonant 
rtonllnoarllles.  Although  liquid  C S2  is  ,1  stand. trd  lor  ilmd-order  nonlinear  optics, 
relatively  little  effort  has  been  devoted  to  developing  new,  higher  performance  liquids  as 
practical  device  materials.  Using  high  concentrations  of  NLO  solutions,  it  is  possible  to 
precisely  match  tho  index  to  a  range  ot  desired  values  in  high  concentrations,  ng  values 
comparable  to  the  best  solid  organic  materials  may  bo  possible,  along  with  the  low  loss 
and  self-healing  characteristic  of  high  purity  liquids.  A  number  of  approaches  such  as 
gelation  may  be  adopted  to  “fix"  iho  solution  tor  transition  to  a  solid  device,  if  desired. 


3.  Device  Model. 

The  equations  describmg  power  transfer  within  a  NLCC  were  derived  by  Jensen 
(5).  The  NLCC  is  defined  as  two  parallel  waveguides  spaced  closely  enough  for  evanescent 
wave  overlap  and  separated  by  a  nonlinear  medium.  For  a  coupler  with  active  region  equal 
to  tho  characteristic  coupling  length.  l.c,  the  coupler  will  operate  in  tho  "crossed  state"  at 
low  powors  (l.o.  all  of  tho  power  launched  into  one  waveguide  will  exit  tho  second 
wavoguldo).  As  tho  Input  power  to  waveguide  i  c;  increased,  tho  power  out  of  waveguide  1 
Is  described  by 

Pout*1)  "  PinH)  (1  *  CN(rr|(P,n(l)/Pc)2)]/2 
where  CN  is  a  Jacobi  elliptic  function  and 

I 

P C  "  A  n2 

whero  ri2  is  Iho  nonlinear  refractive  index  of  the  medium  constituting  and  surrounding 
the  guides  and  A  is  the  cross-sectional  area  of  each  guide.  The  nonlinear  dynamics 


a  birtireiatonat  coupler 
/ 


Figure  2.  A  Simple:  NLCC  with  Gins:,  t  i  .  m  a  t  m-iimenr  Liquid  Bath. 


responds  to  both  core  and  cladding  A  goal  n!  this  investigation  is  onhancement  of  the 
effective  nonlinear  index  of  the  medium  surrounding  tlio  coupler  guides  by  using  organic 
NLO  solutions. 


Switching  of  the  NLCC  from  the  crossed  to  the  parallel  stato  is  shown  as  a  function 
of  input  power  in  Figure  3.  The  effect  of  a  factor  o(  two  increase  in  the  nonlinear  index  of 
the  medium  constituting  and  surrounding  the  coupfoi  guides  is  shown  by  the  two  curves: 
the  coupler  with  the  higher  nonlinearity  shows  IPO"/;,  switching  at  a  tower  power.  Since 
some  nonlinearity  is  always  present  m  tin'  core,  and  the  higher  field  (hero  emphasizes 
this  contribution  over  that  of  the  cladding.  the  rtteri  o t  n  nonlinear  liquid  bath  is 
essentially  to  enhance  the  performance  (>.*■  reduce  the  power  threshold  lor  switching) 
which  Is  already  present  due  to  the  small  nonlinearity  ot  the  glass  core. 


(where  r»c  15  tor  rnect'um  with  r ,  =  k) 

Figuro  3.  Signal  Fraction  Exiting  Fiber  1  as  a  Function  o!  Input  Power. 


4.  Organic  NLO  Materials  and  their  Snlvpnl  iV/Sloms. 

For  the  preliminary  demonstration  ol  all-optical  switching  using  NLO  solutions, 
commercially  available  2-mcthyt-4-nitroaniline  (MNA)  was  selected,  which  is 
primarily  known  as  a  second  order  material  (?)  MNA  also  possesses  considerable  third 
order  nonlinear  optical  properties,  whose  high  %por-‘  nnnresonant  nonlinear  index  of 
refraction  (n2  -  25.0  x  10-11esu)  is  2-3  times  greater  than  that  of  Si  or  p- 
nitroaniline  (3).  Exceptionally  high  solubility  of  MNA  rn  polar  solvenis  allows  a  wide 
ranQO  of  refractive  indices  to  be  available.  MNA  also  provides  a  wide  transparent  regime 
(from  mid  visiblo  to  near  intrared)  in  which  optical  losses  are  minimum  (Figure  4), 

Suilable  solvonl  systems  (01  MMA  wen;  identified  lor  the  solution  based  all-optical 
switching  device.  Dimethyllormamide  (PMF),  p-ritoxano.  propylene  carbonate  (PC)  and 
tetrahydrofuran  (THF)  provided  high  solubility  with  a  wide  mnge  ot  index  choices. 
Solubility  of  MNA  in  each  solvent  (IIPI.O  gr.irtr-J  ,n  mmn  temperature  was  measured  tor 
the  determination  of  tho  range  ol  refr, /e  index  available  (Table  1) 


Table  1.  Solubility  of  MNA  in  Different  Solvents  .'ll  Room  Temperature. 


SOLVENT  'i . i  i: : ! 1. 1 1  V  (rjiams/liier) 


DMF 

r, 7 

p-DIOXANE 

2  6  t 

PC 

1  5  4 

THF 

34  9 

Table  2.  Tempcraluro  Dependence  ol  Retracii..  tr.ct.i  •  :?,  o<  MNA  Saturated  Solutions. 


SOLVENT 


REFRACTIVE  INDEX 

I’.'r;  :".°c 


DMF 

p-DIOXANE 

PC 

THF 


1.5660  1.5613 

1.-1766  1.4725 

1.4500  1.4546 

1.4054  1.401  7 


Varialion  of  refractive  index  ol  the  MNA  solution  in  vaiious  solvents  at  20°C  as  a 
function  of  concentration  was  obtained  using  an  Abbe  retractometer.  Refractive  indices 
available  as  shown  in  Figure  5.  range  front  i  •:  t  ■  if.  wiih  Ute  solvents  used,  from  which 
one  can  easily  match  the  retractive  index  ot  silica  optical  libers.  Temperature  dependence 
of  refractive  index  in  MNA  saturated  solutions  iTiu.rr.ured  at  tf.oc  and  25°C  is  tabulated  in 
Table  2.  Fluctuation  ol  refractive  index  as  a  result  ot  the  temperature  varialion  turned 
out  to  be  approximately  0.0004;°c.  s>  that  it  e.  essential  to  control  the  solution 
temperature  to  better  than  +0.i°C  m  this  experiment  in  order  tor  only  electronic 
nonlinear  refraclive  index  change  to  be  etteciive 

One  can  tailor  the  refractive  index  to  the  desired  value  by  varying  one  or  more  of 
the  following  factors;  (a)  concentration  ot  the  NIO  solution,  (b)  temperature  of  the 
solution  and  (c)  solvent  type.  It  is  true  ttiat  the  higher  the  number  density  of  the  NLO 
molecules  In  solution,  the  larger  the  nonlinear  ettects  are.  In  practice,  however,  not  only 
nonlinearity  but  also  optical  loss,  solvent  volatility,  stability  of  polymeric  components  tn 


an  Argon-ion  laser  (515nm)  lor  pump  Pram  .vote  chosen  in  this  research.  AI!-oplical 
swilching  demonstration  using  opiir-.nl  (i.n  iv.-vjtmt.-s  v.-hh  organic  nonlinear  solutions 
is  in  progress. 

A  large  number  o(  organic  nnr)  polymeric  molecular  systems  have  been  identified 
with  significantly  larger  (hird  order  nonlincariiios  compared  lo  MNA.  While  polymeric 
solutions  with  as  high  concentrations  may  not  !»•  possible  to  prepare,  gets  and  oligomers 
may  be  prepared  with  large  nonlinear  coefficients  and  high  number  density  ot  the  active 
molecules.  A  number  of  organic  NLO  molecular  systems  have  been  designed  and 
synthesized  In  our  laboratory  (0).  which  are  expected  to  possess  significantly  larger 
third  order  nonlinearities.  In  addition,  several  ot  those  molecules  incorporated 
diacelylene  and  acetylene  units.  Polymerization  m  those  systems  may  lead  lo  soluble 
materials  with  large  nonlinear  coefficients.  Eventually,  these  polymeric  NLO  materials 
are  expected  to  improve  the  device  performance  by  at  least  an  order  of  magnitude  leading 
to  a  switching  power  threshold  ol  less  than  lOOrriW 


5.  Preliminary  Experiments. 

As  a  preliminary  tesl,  we  have  constructed  a  device  as  shown  in  Figure  2,  developed 
a  high  precision  laboratory  method  ol  matching  liquid  indices  to  glass  cladding,  and 
demonstrated  modulation  of  the  probe  beam  by  a  pump  beam  at  low  speed  using  thermal 
effects.  This  demonstration,  which  has  i>,  .-n  >  .m«i  out  with  thermal  changes  in  the  index 
of  refraction  ol  the  surrounding  liquids,  gives  some  indication  of  the  dynamics  to  bo 
expected  trom  electronic  nonlincaritics  ot  me  NLO  solutions  in  subsequent  experiments. 

A  cross-section  of  the  experimental  apparatus  is  shown  in  Figure  6.  The  basic 
coupler  Is  of  the  fused  type  and  is  fabricated  from  two  optical  fibers  with  single  mode 
cutoff  at  about  590  nm.  The  fused  or  "active"  region  of  the  coupler  is  about  1  cm  long  and 
has  an  estimated  minimum  diameter  ol  about  -to  microns.  At  both  ends  of  the  active 
region,  at  the  points  61  bifurcation,  an  epoxy  oncapr.iji.mi  is  used  to  anchor  and  seal  the 
coupler.  As  shown,  after  encapsulation,  only  the  active  region  re-mains  available  for 
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Figure  6.  Preliminary  Experiment 


the  device  assembly,  such  as  epoxy  cncnpsulnn:  .mi  -r.o  on  must  be  taken  into  consideration. 
Consequently,  non-volatilo  PC  war,  selncicri  ,  r.  i*  1 » •  t •<•'.!  c.hnio>  nr.  a  tor,!  solvent  for  the 
demonstration  in  which  epoxy  cnc.ipr.uinnt  w.r.  '.‘mut  t.>  ho  vmy  stable  lor  long  periods  of 
time. 

A  UV-VIS  transmission  spectrum  of  f/.'JA  was  obtained  to  determine  the  transparent 
window  available  for  the  probe  and  pump  bi\uns.  As  shown  m  F  igure  4,  in  MNA  solution, 
excellent  transparency  is  seen  for  wavelength  of  -tSOmn  through  near  infrared  with  an 
absorption  peak  at  380nm.  Output  from  n  Hef-Je  laser  (G33nm)  for  probe  beam  and  from 
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exposure  to  the  test  liquids.  The  coupler  : . • : wittifij  .1  signless  sieel  lube,  wiiti  ceniral 

section  cut  out.  The  tube  passer,  dinim'in.-.ili,-  it  ;’i  .1  liquid  reservoir  and  serves  as  a 

liquid-tight  bulkhead  through  wlm  li  Hu  m; •  :  •  ■  .1!  V,n-i  ot  the  coupler  pass. 

As  some  ol  the  tesl  solvent.',  are  highly  v  .uhi.  "I,-  1 , • ; .  1  ■  1  v c  1 1  r  is  lilted  with  a  removable 

cap  to  prevent  evaporation.  The  i.guui-  t.  t  t».  Ii'.imq  the  reservoir  until  the  active 

region  is  submersed.  The  temperature  ot  tie-  chamber  may  be  controlled  by  healing  or 
cooling  through  the  walls  of  the  rer.iw.  .  •  ,  t.-mp. -future  control  is  important  to 
stabilize  the  splitting  ratio.  If  necessary  tt  1  quid  m  the  reservoir  may  be  stirred  with 
a  magnetic  bar. 

The  apparatus  may  be  used  with  a  single  laser  inpul  beam  ol  adjustable  intensity 
which  serves  as  both  the  pump  beam  and  the  probe  beam,  or  else  two  lasers  operating  at 
different  wavelengths  may  be  used  to  separate  the  probe/signal  and  pump/control 
(unctions.  In  our  initial  tests  i!  was  convenient  to  use  separate  lasers  (or  the  probe  and 
pump  beams;  the  arrangement  for  launch  and  detection  o'  transmitted  optical  signals  is 
shown  in  Figure  6.  The  probe  beam  input  to  mo  ;  oupier  was  shipped  of  cladding  modes  by 
use  of  index  matching  ttuid  applied  civet  the  t  -  t  .  r  nn  ol  uncoated  liber  tip. 

With  separate  pump  and  prow  laser  ,t  is  1  a: . ,  to  maximize  the  amount  of  pump 
beam  power  which  enters  into  the  organic  liquid  under  test.  While  the  probe  beam  is 
restricted  to  single  mode  operation  lot  prop.-i  lunr.tiou-.ug  <>(  the  switch,  the  pump  beam  is 
not  similarly  restricted.  Excitation  ol  dad- tin  ;  mr.de;.  i.y  vim  pump  beam  assures  that 
substantial  pump  power  will  entei  the  n.eihue.ir  liquid  to  luiihcr  enhance  interaction 
with  the  liquid,  the  wavelength  ol  the  pump  beam  may  be  chosen  to  lie  jusl  below  cut-off, 
where  the  second  mode  is  loosely  bound,  or  far  above  cut-oil  whore  the  fundamental  mode 
Is  loosely  bound.  Balancing  Ihese  advantages,  however,  is  the  added  complexity  that  a  dual 
laser  arrangement  poses.  The  pump  and  probe  channels  must  be  separated  at  the  detectors 
by  use  of.  for  example,  narrowband  fillers,  nnd'or  lock-in  detection  using  modulation 
frequencies  for  the  two  lasers  which  are  not  related  harmonically. 

As  a  preliminary  test  ol  the  device  appni.v.u..,  an  argon  ion  laser  (Coherent  Innova 
90-6)  producing  0.5-4  W  at  515  nm  was  used  as  the  pump  beam  in  Figure  6.  The 
distance  from  the  pump  launch  end  to  the  con;  s  -  region  was  loss  than  1  meter.  A 

comparison  of  coupler  pump  beam  throughput  (sum  pt  both  output  arms)  before  and  alter 
the  application  of  index  matching  fluid  to  the  .s  tive  region  revealed  that  15  %  or  more  ol 
the  launched  power  could  be  made  available  lor  exctat.on  ol  the  organic  fluid. 

Optical  modulation  ol  the  t-totue  pinhe  1.  in-  was  demonstrated  under  control  of  Ihe 
argon  pump  beam,  by  means  ol  ihcmmi  modulation  ol  tire  active  region  of  the  coupler,  as 
Shown  in  Figure  7.  This  ellect  was  quite  slow  as  o' period.  on  the  order  of  10  ms,  but 
served  to  demonstrate  principles  similar  to  those  which  will  operate  in  subpicosecond 
experiments  using  purely  electronic  index  modulations.  Addition  of  an  index  matching 
fluid  to  the  active  region  reduced  the  amplitude  ot  the  probe  beam  modulation,  possibly 
because  the  liquid  stabilized  the  an*  we  region  temperature  through  convective  cooling 
The  frequency  response  of  Ihe  r  obe  beam  modulation  rolled  oil  at  only  a  few  kHz, 
characteristic  of  a  cooling-r-te  limited  system  flntn  that  it  is  difficult  to  distinguish 


experimentally  between  Ihe  conSSmt' f1  :n.  ,  i,.  .m:!  (.bidding  nonlmearitie whelher 
thermally  or  electronically  induc'd 

The  experimental  apparalur.  is  .11  ;  n  .1.! .  .)  fm  lugh  speed  all-optical 

switching  experiments  using  a  sub  n;nwis<  n  1  ( u :t m > ;  1  laser  pump  in  conjunction  with  the 
organic  NLO  liquids  as  described  above,  lo  mdex  nmtrli  such  liquid  baihs  lo  Ihe  cladding  or 
other  selected  glass  references  accurately,  a  seattenng  technique  was  developed  using  a 
HeNe  laser  beam  directed  transversely  onto  the  etched  fiber/liquid  interface  in  a  test  cell. 
An  index  match  is  indicated  try  Muting  lb"  i.qm.j  ni;.V'  until  the  scattered  light  is 
minimized.  By  careful  collection  of  scattered  1 ; *  1 :  and  use  of  a  micropipetle  to  adjust  ihe 
solvent  mixture,  it  was  possible  lo  match  it-.--  t->  better  than  0.0001.  The  liquids 

used  were  mixtures  of  organic  solvents  ’  -  ''.■■■■  •■'.'.iruyo  ethane  (n»1.42)  and  acetylene 
tetrabromide  (n  =  1.48),  selected  to  brnr-u  :  s .:  r. a  ir.  -1  4570  at  633  nm).  Using 
improved  sensitivity,  it  is  expected  that  1  "‘00 f  1  ■■  1  ■  control  can  bo  achieved,  which  is 
sufficiently  precise  to  set  the  p'opagaso’'  pa-.irueters  of  single  mode  waveguides. 
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Figure  7.  Optical  Coupling  duo  to  rhermji  index  Modulation 


6.  Concluding  Remarks. 

To  demonstrate  all-optical  switching  using  organic  NLO  solutions,  MNA  was  selected 
as  a  lest  NLO  material  and  its  suitable  solvent  systems  were  idcntitiod.  The  range  of 
refractive  index  available  war,  also  obtained  ii,;m  tim  MNA  solutions  in  various  solvents 
and  at  different  temperatures.  The  transparent  re.-;. -i;,-*  m  mna  solution  was  determined 
for  the  probe  and  pump  beams  employing  l-'V  v  -•  n  —  a  test  apparatus  has  been 
designed  and  assembled  which  enables  or^.a  -i between  a  fiber  opfic  single  mode 
coupler  and  NLO  liquids.  Thermal  modulahor.  c‘  an  "\\\:\  signal  has  been  demonstrated 
wilh  this  apparatus.  Subpioosccond  nttopb-.ni  uhing  using  organic  NLO  solution  (e.g. 
MNA/PC),  including  new  NLO  materials  * . ,•  r •  t ? i «  ,m  out  laboratory,  is  now  under 

investigation  for  enhanced  sw.trh.n-,  <  f:r  „  v.v.s.hmg  speed,  smaller 

switching  power  threshold  and  shorter  inirrarhcn  length) 
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